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memory cells which are selected on the basis of the 
SEMICONDUCTOR INTEGRATED CIRCUIT output address signals of address generation means 
HAVING SELF-CHECK AND SELF-REPAIR adapted to operate in accordance with the timing have 

CAPABILITIES the presence or absence of their defects decided by 

5 decision means. The address of the memory cell which 
BACKGROUND OF THE INVENTION has been found defective as the result of the decision, is 

The present invention relates to a semiconductor stored in defective address storage means. In accessing 
integrated circuit in a memory LSI, a logic LSI, a mi- the memory cell array, an access address externally 
crocomputer, or the like which has a memory cell array supplied is compared with the address held in the defec- 
and circuits for selecting desired memory cells included 10 tive address storage means. Then, in case of noncoinci- 
in the memory cell array. More particularly, it relates to dence between both, the addresses, the memory cell 
techniques for repairing the defects of memory cells in array is accessed, whereas in case of coincidence, a 
such a semiconductor integrated circuit By way of redundant memory cell array is accessed, 
example, the techniques are effective when applied, to a When the semiconductor integrated circuit has 
memory LSI of large storage capacity such as a DRAM 15 reached a status incapable of self-repair due to the limi- 
(dynamic random access memory). tation of the storage capacity of hardware for repairs, it 

Semiconductor integrated circuits have had their informs the exterior of this status. For this purpose, the 
densities of integration heightened and their circuit integrated circuit is provided with management means 
elements microfabricated, and some of them are fur- for managing whether or not the redundant memory 
nished with redundant constituents in order to enhance 20 cell array has an empty address substitutable for the 
the available percentages thereof. When defects are defective memory cell of the memory cell array, 
found at an inspection stage of work such as a wafer Herein, when the decision means has found the defect 
probe test, a program for selecting the redundant con- under the status under which no empty address exists, 
stituents capable of repairing the defects are set with, management means responds to the finding to sup- 

for example, fuses. 25 pj y fl, e exterior with the address signal at that time, as 

While the conventional defect repair based on the wel] ^ a signal f or notifying to the effect that 

redundant constituents has been furthered one step, a ^ mtegrated cannot repair the defect 

semiconductor integrated circuit with the self-check ^ seif.^air timings by the timing generation 
and self-repair function of deciding the presence or means may be generated, not only periodically, but also 
absence of defects by itself and repairing any present 30 ^ accordance with ^ extemal on occasion, 

defect for itself within the semiconductor mtegrated ^ where ^ integrated circuit 

circuit has been proposed in IEEE, 1989, CUSTOM . a . oti omt , Mwl<M%# • • W/s>1 rtkAy ,Z» anrv ™«; r 
!MTFr,PATPnnBnTTT<; roitfFFRFNirF Built- has also an arrangement in which redundancy repair 
INTEGRATED CIRCUITS roNr^ENCE, Bum- addresses m programmed by utilizing fuses or the like 
In Self-Repair Circuit for High-Density ASMIC, p. 26. f° ;£H~r*J ^f^^tT ^Lm^Z^^ o« ft ^ c 
1. 1-p. 26. 1. 4. Such a technique stated in the bulletin is 35 * * e fo ™ of *o* v °latile "onory dements, an access 
one which is directed toward ASMICs (Application addrcss externally supphed m case of accessing the 
Specific Memory ICs), and in which a memorV is inter- mmw*m from <^^^^™" " 
nally checked and self-repaired by affording external «»P"»» P ^^ H ^^Ttt 
clock pulses. It is intended to shorten a time period for "J"** element ™ d wth ***** m * c 

testing a wafer etc. and a time period for programming 40 defective address storage meaiis. Then when the access 
repair addresses with the fuses or the likes in the con- *** not c ? 1 ? clde 1 , W1 ^ Clthe u r of pr( £ 

ventional defect repair based on the redundancy. grammed address and the held address, the memory cell 

array is accessed, whereas when the access address 
SUMMARY OF THE INVENTION coincides with either of the addresses, the redundant 

However, the defects of memory cells etc. sometimes 45 memory cell array is accessed, 
occur with the lapse of time in a system, and the self- * situation in which the redundant memory cell to 
check and self-repair technique in the prior art cannot substitute for the address programmed in the nonvola- 
cope with the temporally-changing defects. Further, in tile memory element beforehand has become defective 
case of coping with the occurrence of defects in the with the lapse of time, is coped with by disposing repair 
system, it must be also considered anew that, when the 50 address allotment means for recognizing the address of 
limitation of defect repairs has been exceeded in point of the redundant memory cell to substitute for the defec- 
hardware, this situation is notified to the exterior. tive address stored in the defective address program- 

An object of the present invention is to provide a ming circuit and for allotting another redundant mem- 
semiconductor integrated circuit, which can self-repair ory cell for the repair when the defect of the pertinent 
its defects that have occurred after the incorporation 55 address has occurred. 

thereof into a system. According to the expedients described above, the 

A further object is to provide a semiconductor inte- semiconductor integrated circuit itself generates the 
grated circuit which can also inform the exterior of a timing for self-repairing the defective addresses in the 
status incapable of self-repair. memory cell array, and this makes it possible to self- 

The above and other objects and novel features of the 60 repair even defects which occur after the incorporation 
present invention will become apparent from the de- of the integrated circuit into a system, 
scription of this specification when read in conjunction Further, when the hardware limitation in which the 
with the accompanying drawings. defect found in the self-repair operation cannot be re- 

Typical aspects of performance of the present inven- paired occurs, the exterior is notified by the manage- 
tion are briefly summarized as follows: 65 ment means together with the corresponding defective 

A timing for self-repairing defective addresses in a address. Thus, a host processor or the like so notified 
memory cell array is generated with timing generation can inhibit an access to the defective memory cell at 
means by a semiconductor integrated circuit itself, and issue in subsequent accesses in self-restraint fashion. For 


04/29/2004, EAST version: 1.4.1 


5,278,839 

3 4 

this reason, the defective memory cell having occurred The semiconductor integrated circuit, 31 of this em- 
due to the lapse of time is not accessed, and the reliabil- bodiment self-checks whether or not the memory cells 
ity of the system is enhanced. of the memory cell array 1 have defects, and it self- 

repairs the defects if any. Moreover, when it has 

BRIEF DESCRIPTION OF THE DRAWINGS 5 reached a status incapable of the self-repair, it informs 

FIG. 1 is a diagram of a microcomputer system the exterior of this status. Now, the constituents of the 
which employs a semiconductor integrated circuit em- circuit 31 for such functions will be described, 
bodying the present invention; ~ Numeral 10 denotes a timer wmch generates opera- 

FIG. 2 is a circuit diagram of part of an example of a tion timings for the self-repairs periodically. The timer 
nonvolatile programming circuit in which a bipolar 10 10 generates a train of check clock pulses 11 at each of 
PROM is used as a nonvolatile memory element; and the self-repair operation timings penodicaUy arising. 

FIG. 3 is a circuit diagram of part of an example of a The check clock pulse train 11 is a timing signal which 
nonvolatile programming circuit in which a fuse is used stipulates operation cycles for checking and repairing 
as a nonvolatUe^eWelement *** wh "* consists of pulses in a predeter- 

15 mined number equal to the number of operations. In this 
DESCRIPTION OF THE PREFERRED embodiment, an operation for the self-repair can also be 

EMBODIMENTS carried out at a desired timing on the basis of a train of 

Shown in FIG. 1 is a microcomputer system which clock pulses 12 which are afforded through a 

employs a semiconductor integrated circuit 31 in an «mte* terannalC3 from MtaaA^ 
em^iment of the present invention. In addition to the » Z^^c^^t?^c^X 
semiconductor mtegrated circuit 31, the microcom- ^^^tSaJ semiconductor integrated 
puter system aetata a cental V^^O^ circuit 31. Incidentally, an arrangement which makes it 
Wow abbreviated to CPU '), an interrup controller the check clock pulse train 12 from 

32, address buses AB1 and AB2, a data bus DB and a £^ mrol a on occalkm fa not ^ 

control bus CB. pe semiconductor mtegrated circuit nem ^ t ^^00. 

31 Qlustrated in the figure is constructed . m a memory The ^ cIock pulsc 14 * ^ pp]icd to an address 
LSI though not especially restricted, and it is formed on 15 fl multi Iexer 16f a ^ data generating cir- 

a single semiconductor substrate such as of silicon by ^ v and m mQT deciding circuit 18 . 
known techniques for producmg semiconductor inte- ^ ^ address 15 g enera tes internal address 

grated circuits. signals for addressing the memory cells of the memory 

Numeral 1 mdicates a memory cell array, in which a ^ j m succeS sion in order to check the defects 
large number of memory cells such as of the static type thereof. The updating timings of the output addresses of 
or the dynamic type are arranged in the shape of a ^ 15> m ot h er words, the timings of the ad- 

matrix. The selection terminals of the memory cells are 35 dr ess incrementing operations thereof, are synchronous 
coupled to unshown word lines, while the data input- with ^ C y C ies of the timing clock pulses 14. The timer 
/output terminals thereof are coupled to unshown bit ^ the address counter 15 are permitted to operate 
lines. for the first time when a check enable signal ES sup- 

Numeral 2 indicates a redundant memory cell array from a control terminal C4 is once asserted. In 

which includes memory cells (spare cells) for subsutut- 40 0 f t he timer 10 and the address counter 15, the 
ing for defective ones among the memory cells included fop^ stage thereof for the check enable signal ES is 
in the memory cell array 1. By way of example, the constructed of a master-slave type flip-flop though no 
memory cells of the redundant memory cell array 2 are special restriction is intended Thus, once the check 
of the static type and are arranged in the shape of a enable signal ES has been asserted, the semiconductor 
matrix. Although no special restriction is meant, the 45 integrated circuit 31 is in a status capable of the opera- 
word lines and bit lines of the memory cell array 1 and tions of self-checking and self-repairing the defects, 
those of the redundant memory cell array 2 are respec- until the signal ES is asserted again, 
tively separated from each other in this embodiment. The multiplexer 16 selects either of the internal ad- 

The memory cells of the memory cell array 1 are dress signal delivered from the address counter 15 and 
addressed by select signals 4 delivered from an address 50 an address signal supplied through the address bus AB1 
decoder 3. On the other hand, the memory cells in- as well as a dedicated address input terminal ATI. By 
eluded in the redundant memory cell array 2 are ad- way of example, the internal address signal is selected 
dressed by select signals 6 delivered from a redundant during the time period of the low level of the timing 
address decoder 5. Data items are read out of and writ- clock pulse 14, and the external address signal is se- 
ten into the addressed memory cells through an input- 55 lected in any other case. Incidentally, the timing clock 
/output circuit 7 and a data terminal DTI which are pulse train 14 assumes a high level while its change is 
interfaced with the data bus DB. stopped. 

In the semiconductor mtegrated circuit 31 of this Although not especially restricted, the output address 
embodiment, a timing control based on an external ac- signal of the multiplexer 16 is supplied to the address 
cess is performed by a timing controller 8. The timing 60 decoder 3, the input/output circuit 7, a defective ad- 
controller 8 is supplied with, for example, a chip select dress deciding circuit 20 and a defective address storing 
signal CS and a read/write signal R/W through the circuit 21. In each of these circuits, the address input 
control bus CB and respective control signal terminals stage thereof includes an address latch circuit 
CI, C2 from the CPU. When the chip select signal CS The test data generating circuit 17 delivers test data 
is asserted, the timing controller 8 permits the circuit 31 65 for checking the presence or absence of the defect, in 
to execute an operation corresponding to the access synchronism with the timing clock pulse 14. 
from the. CPU. The input or output direction of data at The error deciding circuit 18 reads stored data from 
this time is instructed by the read/write signal R/W. the memory cell designated by the output address of the 
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address counter 15, writes the test data into this mem- When the error flag generating circuit 22 manages 
ory cell, reads out the written test data, and compares the error flags EF delivered from itself, it regards the 
the read and written test data items. Owing to the com- error flags given by the defective address prograrnming 
parison, whether or not the memory cell of the relevant circuit 24, as error flags already delivered therefrom, 
address is defective is checked. The result of the check 5 Accordingly, the addresses of the redundant memory 
is afforded to an error flag generating circuit 22. Herein, cell array assigned by the defective address program- 
such check operations are periodically executed in the nung circuit 24 are not stored in the defective address 
microcomputer system. Therefore, the data initially storing circuit 21 in a double manner, 
read out of the memory cell by the error deciding cir- Shown at numeral 27 is a full status detecting circuit 
cuit 18 is held until the end of the check and is thereafter 10 which receives information on the error flag manage- 
written back into the memory cell of the same address of * c «"» flag generatmg circuit 22, ^dwhich 
lest the original data having been utilized in the system detects the status of the circuit 22 havmg dehvered all 
should be destroyed by the test. P 0581 ^ crror Accordingly, the full status 

The error flag generating circuit 22 generates an, ^ f^^^ 1 ^ J^^f^^^^l 

error flag EF when informed ot the tact that the check " J»1 .empty address m the redundant memory cell array 

the defect by a signal 23 which is deliv- 2 u which * substitutable for the defective memory cell of 

c^d from the error deciding cS 18. Then, the cir- \ When the error deciding cir- 

" . i_ ' , cuit 18 has found the defect m the absence of the empty 

cuit22pau ? JheOTorflagEF with me accc« address at SS^S^^dil^ circuit r reS ponds to 

tat tone (theaddress of the memory J^vmg the ^ ^ fact £ t the defectXiot be 

defect as corresponds to *e address signal dehvered » e ^ ^ 

from the multiplexer 16) ^m^wni**** th£nterrupt controller 32 by a control signal 28. Upon 

tive ajdreffi flying WCTt ^ Here, though not espe- TeccMng & control signal 28 indicative of the impossi- 

cially restricted, the error flag EF is set as code infor- ^ deff * ^ the input/output circuit 7 sends the 

mauon such as an address for selecting the memory cell 2$ addfess signa i corresponding to th c defective address as 

included in the redundant memory cell array 2. The delivered from multiplexer 16 thereto via a path 29, 

error flag generating circuit 22 has logic according to ^ the mterrupt controller 32 through an address termi- 

which such delivered error flags EF are managed so as n al AT2 as well as the address bus AB2. 

not to repeatedly deliver the identical error flag EF. ^ dcfective address deciding circuit 20 compares 

Although not especially restricted, the defective ad- ^ the access stress delivered from the multiplexer 16, 
dress storing circuit 21 is configured of memory ele- ^ ^ defective addresses programmed in the defec- 
ments such as static type flip-flops. Accordingly, in a tive ^dress programming circuit 24 and with the ad- 
case where the defective address storing circuit 21 itself dresses held in the defective address storing circuit 21. 
is not backed up by a battery, it may have the initial ^h en th e access address is not coincident with any of 
storage thereof set by itself, for example, in such a way 35 ^ programmed and held addresses, the circuit 20 al- 
that, when the system is reset by the turn-on of a power j ows ^ access to the memory cell array 1, whereas 
source, the check clock pulses 12 are generated to exe- w hen it is coincident with any of them, the circuit 20 
cute the self check and self-repair operation first. Thus, allows an access to the redundant memory cell array 2. 
no problem is posed even when the defective addresses When the result of the decision is noncoincidence, a 
and the error flags EF once stored are lost at the turn- 40 control signal 25 is brought to a low level, whereby the 
off of the power source. The defective address storing address decoder 3 is activated, while the redundant 
circuit 21 may well be so constructed that the initial address decoder 5 assumes an inactive status, so that the 
storage setting at the turn-on of the power source is memory cell array 1 is addressed through the address 
automatically done without fail after the detection of decoder 3. In contrast, when the result of the decision is 
the turn-on. Incidentally, when this circuit 21 is config- 45 coincidence, the control signal 25 is brought to a high 
ured of electrically-programmable nonvolatile memory level, whereby the redundant address decoder 5 is acti- 
elements, it does not always require the backup with the vated, while the address decoder 3 assumes an inactive 
battery or the initial storage setting at the power-on status, and the error flag paired with the coincident 
resetting of the system. In this case, however, the auto- defective address is supplied to the redundant address 
matic self-check at the turn-on of the power source may 50 decoder 5 as address information, whereby the address 
well be performed. of the redundant memory cell array 2 to substitute for 

Numeral 24 indicates a defective address program- the defective address of the memory cell array 1 is 

ming circuit in which the addresses to be repaired are addressed through the redundant address decoder 5. 

programmed by utilizing fuses or the like as nonvolatile Incidentally, the input/output circuit 7 is furnished 

memory elements. The defective addresses which are 55 with an ECC (error check and correcting) circuit 30 for 

programmed in the defective address programming data items which are transferred between this circuit 7 

circuit 24, are ones found by a test at the wafer stage of and the exterior of the semiconductor integrated circuit 

the semiconductor integrated circuit 31. The defective 31. Thus, the circuit 31 can self-correct a data error of 

addresses in the memory cell array 1 here are pro- several bits. 

grammed by the use of the fuses together with affixed 60 Next, there will be described the operations of the 

code information items which specify the addresses of semiconductor integrated circuit 31 of this embodiment 

the redundant memory cell array 2 to substitute for in the individual aspects of repairing defective ad- 

these defective addresses and which correspond to the dresses. 

^ e fl dffective address prograniming circuit 24 deliv- 65 M ***** at Stage of Wafer 

ers error flags corresponding to the defective addresses Regarding the defect of the memory cell array 1 

set therein, to the error flag generating circuit 22 found at the wafer stage of the integrated circuit 31, the 

through a path 26. predetermined bit of the redundant memory cell array 2 
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is substituted for the defective bit by setting a program the defective address programming circuit 24. Thus, the 

by means of the defective address programming circuit defective redundant memory cell in the redundant 

24. The address of the substitutive bit of the redundant memory cell array 2 is substituted by another redundant 
memory cell array 2 here is given to the error flag gen- memory cell specified by the error flag. 

crating circuit 22 as an error flag. [2] Self-Repair (De- 5 _ „ irT> 

fectof Memory CeU Array) [4] Status Incapable of Self-Repair 

When the periodic self-check and self-repair timing is As the self-repair operations described in the above 

generated by the operation of the timer 10, the output items [2] and [3] proceed periodically, the full status 

address signal of the address counter 15 is selected by detecting circuit 27 receives information on the man- 

the multiplexer 16 in synchronism with the timing clock 10 agement of the error flags from the error flag generat- 

pulse 14. At this time, the defective address deciding ing circuit 22. In due course, when the full status detect- 

circuit 20 compares the address signal with the output ing circuit 27 decides, in accordance with the rinding of 

of the defective address storing circuit 21 and with the a defect based on the error deciding circuit 18, that the 

output of the defective address programming circuit 24 circuit 22 has reached a status in which all the error 

so as to decide the coincidence/nonco incidence thereof IS flags have been delivered, in other words, in which the 

with either of the outputs. semiconductor integrated circuit 31 is not capable of 

By way of example, in the case of noncoincidence, self-repairing the defect any longer, this circuit 27 re- 

the address decoder 3 is activated by the control signal sponds by notifying the input/output circuit 7 and the 

25, and the memory cell array 1 is addressed by the interrupt controller 32 with the control signal 28 that 
output address signal of the multiplexer 16. At this time, 20 the defect cannot be repaired. At that time, the input- 
the error deciding circuit 18 reads data from the ad- /output circuit 7 supplies the address signal correspond- 
dressed memory cell of the array 1, writes test data into ing to the unrepairable defective address as sent from 
this memory cell, reads out the written test data, com- the multiplexer 16 via the path 29, to the interrupt con- 
pares the read and written test data items, and writes the trailer 32 through the address terminal AT2 as well as 
first read data back into this memory cell. Here, in a 25 the address bus AB2. Upon receiving the control signal 
case where the read and written test data items are 28 at its control terminal C6, the interrupt controller 32 
noncoincident as a the result of the comparison, that is, accepts the address signal of the unrepairable address 
where the relevant memory cell is defective, the error supplied from the input/output circuit 7, at the address 
deciding circuit 18 informs the error flag generating terminal AT3 thereof. Subsequently, the interrupt con- 
circuit 22 to that effect by the use of the control signal 30 trailer 32 sends a signal indicating the occurrence of the 
23. Then, the error flag generating circuit 22 stores the address signal of the unrepairable address, from the 
address of the memory cell in the defective address control terminal C7 thereof to the control terminal 
storing circuit 21, together with a predetermined error (interrupt terminal) C9 of the GPU. The CPU knows 
flag. Thus, the defective memory cell is substituted by a the occurrence of an interrupt from the signal sent from 
redundant memory cell specified by the error flag. [3] 35 the controller 32 to the interrupt terminal C9, and sus- 
Self-Repair (Defect of Redundant Memory Cell Array) pends a proceeding process. Then, in order to deter- 
When the periodic self-check and self-repair timing is mine the unrepairable address, the CPU sends a control 

generated by the operation of the timer 10, the output signal for commanding the interrupt controller 32 to 
address signal of the address counter 15 is selected by deliver the corresponding address signal, to the control 
the multiplexer 16 in synchronism with the timing clock 40 terminal C8 of the controller 32 through the control bus 
pulse 14. At this time, the defective address deciding CB. In response to the control signal sent from the 
circuit 20 compares the address signal with the output CPU, the interrupt controller 32 delivers the address 
of the defective address storing circuit 21 and with the signal of the unrepairable address accepted at the ad- 
output of the defective address programming circuit 24 dress terminal AT3, from a data terminal DT2 to the 
so as to decide the coincidence/noncoincidence thereof 45 CPU through the data bus DB. Thereafter, the CPU 
with either of the outputs. receives the address signal of the unrepairable address, 
By way of example, in the case of the coincidence, and executes an interrupt program. Owing to the execu- 
the redundant address decoder 5 is activated by the tion of the interrupt program, the main program of the 
control signal 25 and is supplied with an error flag pair- microcomputer system is altered so that the address 
ing with the address of the coincident signal, where- 50 signal of the unrepairable address may not be afforded 
upon the redundant memory cell array 2 is addressed. to the semiconductor integrated circuit 31 thenceforth. 
At this time, the error deciding circuit 18 reads data As another example, there is a method in which data 
from the addressed memory cell of the redundant mem- stored in the unrepairable address is corrected using the 
ory cell array 2, writes test data into this memory cell, ECC circuit 30. When the ECC circuit 30 receives the 
reads out the written test data, compares the read and 55 control signal 28 indicative of the incapability to repair 
written test data items, and writes the first read data the defect from the full status detecting circuit 27, it 
back into this memory cell. Here, in a case where the corrects an error of several bits for data which are read 
read and written test data items are noncoincident as the from the memory cell array 1 into the input/output 7. 
result of the comparison, that is, where the relevant By way of example, the corrected data are supplied 
redundant memory cell is defective, the error deciding 60 from the data terminal DTI to the CPU through a data 
circuit 18 informs the error flag generating circuit 22 to bus. Accordingly, when the ECC circuit 30 is used, the 
that effect by the use of the control signal 23. Then, the main program need not be limited so as to prevent the 
error flag generating circuit 22 stores the address of the access to the unrepairable address of the memory cell 
redundant memory cell in the defective address storing array 1 of the semiconductor integrated circuit 31, and 
circuit 21, together with a predetermined error flag. 65 hence, the relevant address signal need not be sent to 
Owing to the error flag managing function of the error the CPU. Moreover, in this case, the ECC circuit 30 
flag generating circuit 22, the error flag at this time is may well be kept non-operating while it is not supplied 
made different from one assigned to this circuit 22 by with the control signal 28. Thus, it is possible to prevent 
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the operating speed of the memory from being limited Herein, when the error deciding circuit 18 has found the 

by that of the ECC circuit 30, while the control signal defect under the status under which no empty address 

28 is not supplied. exists, the management means responds to the finding to 

The semiconductor integrated circuit of the above supply the exterior with the address signal at that time, 

embodiment can be formed as MOS-type circuit Fur- 5 as well as a control signal 28 for notifying to the effect 

ther, it can be formed as an integrated circuit, such as of that the integrated circuit cannot repair the defect 

the Bi-CMOS type, in which bipolar transistors and Therefore, the exterior is informed of the status in 

complementary MOS-FETs (CMOS) coexist. which the hardware-wise limitation to the defect repairs 

Especially in a case where the bipolar transistors can has been reached and in which the defect found in the 
be included, the fuses in the defective address program- 10 self-repair operation cannot be repaired, together with 

ming circuit 24 can be replaced with a bipolar PROM the corresponding defective address by the manage- 

(programmable read-only memory). ment means. Thus, a host processor or the like so in- 

FIG. 2 shows an example of a storage circuit corre- formed can inhibit access to the defective memory cell 

spending to one address bit in the defective address at issue in subsequent accesses in self-restraint fashion, 
programming circuit 24 which employs the bipolar 15 (3) The self-repair timings by the timer 10 are gener- 

PROM. Referring to the figure, a bipolar PROM tran- ated, not only periodically, but also in accordance with 

sistor 40 is interposed between a P-channel type MOS- an external instruction on occasion, whereby the idle 

FET 41 and an N -channel type MOSFET 42 which time' of the semiconductor integrated circuit in the sys- 

constitute a CMOS inverter. Series inverters 43, 44 and tern can be effectively utilized. By way of example, the 
45 are successively connected to the node between the 20 operation of readily initializing the defective address 

drain electrode of the MOSFET 42 and the emitter of storing circuit 21 in the form of a volatile memory (a 

the bipolar PROM transistor 40. Incidentally, an N- general self-check and self-repair operation for the 

channel type MOSFET 46 functions to fix the low level whole memory cell array 1) can be conducted by utiliz- 

input of the inverter 43. The bipolar PROM transistor ing a system reset period in the operation of turning 
40 is, for example, of the junction short-circuiting type. 25 "on" a power source. 

More specifically, an avalanche breakdown current is (4) In a case where the semiconductor integrated 
caused to flow by applying a reverse voltage to the circuit has an arrangement in which redundancy repair 
emitter, whereby the transistor 40 has its emitter-base addresses are programmed by utilizing fuses or the like 
junction short-circuited into a written state. The written in the form of nonvolatile memory elements, even a 
state of the transistor 40 corresponds to the non-fused 30 situation in which a redundant memory cell to substitute 
state of a fuse 47 in FIG. 3, and the non-written state the for the address programmed in the nonvolatile memory 
fused state of the fuse 47. In the circuit of FIG. 2, a element beforehand has become defective with the 
control signal 48 is set at a low level when the redun- lapse of time can be coped with by the function of the 
dancy repair is required. Thus, the level of a signal 49 is management means 22 which recognizes the address of 
determined according to the programmed state of the 35 the redundant memory cell to substitute for the defec- 
bipolar PROM transistor 40. tive address stored in the defective address program- 
Such a bipolar PROM transistor . 40 can reduce the ming circuit 24 and which allots another redundant 
size of layout as compared with the fuse 47 formed of memory cell for the repair when the defect of the perti- 
polycrystalline silicon or the like. nent address has occurred. 

According to the above embodiment, the following 40 Although, in the above, the invention made by the 

functional effects are attained: inventors has been described in detail in conjunction 

(1) A. timing for self-repairing defective addresses in a with the -embodiment, it is needless to say that the pres- 
memory cell array 1 is generated with a timer 10 by a ent invention is not restricted thereto, but that it can be 
semiconductor integrated circuit itself, and memory variously altered within a scope not departing from the 
cells which are selected on the basis of the output ad- 45 purport thereof. 

dress signals of an address counter 15 adapted to oper- By way of example, the foregoing embodiment has 
ate in accordance with the timing have the presence or been described as comprising the defective address 
absence of their defects decided by an error deciding programming circuit 24 in which the defective ad- 
circuit 18. The address of the memory cell which has dresses at the wafer stage are programmed in the non- 
been found defective as the result of the decision, is 50 volatile memory elements. However, such a circuit can 
stored in a defective address storing circuit 21. In ac- be omitted, and defective addresses may well be coped 
cessing the memory cell array 1, an access address ex- with by the defective address storing circuit 21 only, 
ternally supplied is compared with the address held in In addition, the foregoing embodiment has been de- 
the defective address storing circuit 21. Then, in case of scribed as backing up the data of the defective address 
the noncoincidence between both the addresses, the 55 storing circuit 21 with a battery and as constructing it 
memory cell array 1 is accessed, whereas in case of the out of the electrically-programmable nonvolatile mem- 
coincidence, a redundant memory cell array 2 is ac- ory elements, but the present invention is not restricted 
cessed. Therefore, the integrated circuit can self-repair thereto. 

even defects which have occurred after the in corpora- The. status in which a defect having occurred cannot 

tion thereof into a system. 60 be repaired, is notified to the exterior by the signal 28 by 

(2) When the semiconductor integrated circuit has way of example. However, in a case where a necessary 
reached a status incapable of self-repair due to the limi- logic circuit is included within the semiconductor inte- 
tation of the storage capacity of hardware for repairs, it grated circuit 31, the status can be coped with by em- 
informs the exterior of this status. For this purpose, the ploying the internal circuit 

integrated circuit is provided with management means 65 Besides, the ECC circuit 30 can be omitted. 

22, 27 for managing whether or not the redundant mem- Further, the expression 1 "memory cell array" in the 

ory cell array 2 has an empty address substitutable for present invention is not restricted to the construction in 

the defective memory cell of the memory cell array 1. which the memory elements are arranged in the shape 
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of a matrix and permit random accesses thereto, but it 
shall be grasped as a concept covering also a register 
array such as a set of registers, or shift registers of the 
parallel-in and parallel-out type, etc. 

Although, in the above description, the invention 5 
made by the inventors has been chiefly explained as to 
the case of the application to the memory LSI forming 
the background field thereof, the present invention is 
not restricted thereto, but is extensively applicable to 
various semiconductor integrated circuits such as the 1° 
logic LSI of a microcomputer. 

Effects which are attained by typical aspects of per- 
formance of the present invention, will be briefly ex- 
plained below: 

A semiconductor integrated circuit is endowed with 15 
a function according to which the circuit itself gener- 
ates, at least, a timing for self-checking and self-repair- 
ing a defective bit and controls the timing generation. 
This brings forth the effect that the integrated circuit 
can self-repair even defects which occur after the incor- 20 
poration of the circuit into a system. 

The semiconductor integrated circuit is provided 
with management means for managing whether or not a 
redundant memory cell array has an empty address. 
Herein, when a new defect in a memory cell array has 
been found under a status under which no empty ad- 
dress exists, the management means responds to the 
finding to supply the exterior with an address signal at 
that time, as well as a control signal for notifying the 3Q 
fact that the integrated circuit cannot repair the defect. 
Thus, when the semiconductor integrated circuit has 
reached the status incapable of self-repair due to the 
limitation of the storage capacity of hardware for re- 
pairs, it can inform the exterior of this status. Accord- 35 
ingly, a host processor or the like so informed can easily 
inhibit access to the defective memory cell at issue in 
subsequent accesses in self-restraint fashion. 

The self-repair timings by the timing generation 
means may be generated, not only periodically, but also ^ 
in accordance with an external instruction on occasion. 
Thus, by way of example, the operation of storing the 
defective addresses in the nonvolatile memory elements 
of in a defective address storing circuit and thus initial- 
izing the defective address storing circuit can be readily 45 
performed by utilizing a system reset or power-on reset 
period. Also, it becomes possible to effectively utilize 
the idle time of the semiconductor integrated circuit 

In a case where the semiconductor integrated circuit 
has an arrangement in which redundancy repair ad- 50 
dresses are programmed by utilizing fuses or the like in 
the form of nonvolatile memory elements, the address 
of the redundant memory cell to substitute for the de- 
fective address stored in the defective address program- 
ming circuit is recognized, and another redundant mem- 55 
ory cell for the repair is allotted when the defect of the 
pertinent address has occurred. This brings forth the 
effect that even a situation in which a redundant mem- 
ory cell to substitute for the address programmed in the 
nonvolatile memory element beforehand has become 60 
defective with the lapse of time can be handled. 

What is claimed is: 

1. A semiconductor integrated circuit device formed 
on a single chip for testing a memory cell for defects, 
comprising: 65 
an address terminal which is supplied with a first 
address corresponding to a memory cell to be 
tested for defects; 
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first memory means including a first plurality of word 
lines, a first plurality of data lines, and a first plural- 
ity of memory cells each of which has a selection 
terminal coupled to a corresponding one of said 
first plurality of word lines and a data input/output 
terminal coupled to a corresponding one of said 
first plurality of data lines; 

second memory means including a second plurality of 
word lines, a second plurality of data lines, and a 
second plurality of memory cells each of which has 
a selection terminal coupled to a corresponding 
one of said second plurality of word lines, and a 
data input/output terminal coupled to a corre- 
sponding one of said second plurality of data lines, 
said second plurality of memory cells serving to 
substitute for defective ones of said first plurality of 
memory cells of said first memory means; 

address generation means for delivering a second 
address by which to select one word line from 
among said first plurality of word lines which are 
included in said first memory means; 

first selection means for selecting one word line from 
among said first plurality of word lines which are 
included in said first memory means; 

second selection means for selecting one word line 
from among said second plurality of word lines 
which are included in said second memory means; 

error decision means for reading out data stored in 
the memory cell corresponding to said second ad- 
dress, the memory cell being coupled to said word 
line selected by said first selection means, for decid- 
ing whether or not said memory cell is defective by 
comparing the data read out from the memory cell 
with predetermined data, and for delivering a sig- 
nal of a result of the decision; 

address storage means for receiving and storing said 
second address when said error decision means 
delivers a signal which indicates that said memory 
cell coupled to said selected word line is defective; 
and 

address decision means for determining whether an 
address of a memory cell of said first emory means 
is defective by comparing the first address and the 
second address stored in said address storage 
means, so as to decide coincidence/noncoincidence 
of the first and second addresses, including means 
for delivering said first address to said second se- 
lection means when the first and second addresses 
have been decided to be coincident by said address 
decision means, and means for delivering said first 
address to said first selection means when the first 
and second addresses have been decided to be non- 
coincident; 

wherein said address generation means delivers the 
second address to the first selection means, and 
wherein the first and second selection means select 
a word line from the first and second plurality of 
word lines, respectively, based upon addresses 
delivered thereto. 

2. A semiconductor integrated circuit device accord- 
ing to claim 1, wherein said error decision means in- 
cludes a test data generating circuit for generating test 
data, and wherein said test data are the predetermined 
data to which the data read out from the memory cell 
by the error decision means are compared. 

3. A semiconductor integrated circuit device accord- 
ing to claim 2, wherein said error decision means writes 
the test data from said test data generating circuit into 
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the memory cell coupled to said word line selected in comprises a plurality of static flip-flop memory ele- 

accordance with said second address delivered from ments. 

said address generation means, reads out the written test 15. A semiconductor integrated circuit device as 
data, compares said written test data with the read test claimed in claim 1, further comprising defective address 
data so as to decide whether or not said memory cell of 5 programming means having a plurality of memory de- 
said second address is defective, and delivers said signal ments for programmably storing defective addresses of 
of the result of the decision. memory cells of the first memory means, and for out- 

4. A semiconductor integrated circuit device accord- putting a stored defective address to the address deci- 
ing to claim 3, wherein said address storage means in- sion means, wherein the address decision means further 
eludes an error flag generating circuit for delivering an 10 determines whether the address of the memory cell of 
error flag when it has received a decision result signal the first memory means is defective by comparing the 
indicative of a defect from said error decision means. first address with the stored defective address received 

5. A semiconductor integrated circuit device accord- f rom th c defective address programming means, said 
ing to claim 4, wherein said address storage means delivering means further delivering said first address to 
stores the error flag from said error flag generating 15 ^ second selection means when coincidence is found 
circuit, in addition to said address of the defective mem- between the first address and the stored defective ad- 
ory cell. dress. 

6. A semiconductor integrated circuit device accord- l6 A semiconductor integrated circuit device as 
ing to claim 5, wherein said error flag generating circuit claimed m claim 15> wherein the plurality of memory 
includes logic means for preventing repeated delivery 20 dcmeilts of ^ defective address programming means 
of an error flag for the respective addresses of the defec- comprise nonvolatile mcmory eIcments . 

tive memory cells. 17. A semiconductor integrated circuit device as 

7. A semiconductor integrated circuit device accord- cUimed m clainj „ wherein ^ luralit of mcmory 
ing to claim 1, further comprising a timer circuit for element$ ^ bi lar pR0M tTBX ^ stOT dTC ^ t 
generating periodic operation timing signals for con- 25 e j einent ^ 

trolling the delivery of signals within said semiconduc semiconductor integrated circuit device as 

tor integrated circuit dev«ce. claimed m claim 15, wherein the defective addresses 

8. A semiconductor integrated arcmt device accord- "^^bly stored in said defective address pro- 
ing to claim 1, further comprising a switch circuit K 7 " " . " * . r, . 
which selects one of said first addresfsupplied from said 30 g™"™gn><=<™ are determmed dunng prefabr.cat.on 
address terminal and said second address delivered from water testing. 

said address generation means. , 19 * semiconductor integrated circuit device as 

9. A semiconductor integrated circuit device accord- claimed in claim 15 further comprising means for com- 
ing to claim 1, further comprising an error check and P*™* ^ «f° nd a ^ ress ™* defective addresses 
correcting circuit for receiving the data read out from 35 programmably stored in said defective address pro- 
the memory cell corresponding to the second address, gramimng means, and for delivering a control signal 
for correcting a data error ofseveral bits in the read-out mdicatve of the result of the comparison. 

data when no memory cells from said second memory , 20. A semiconductor mtegrated circuit device as 

means are available for substitution, and for outputting claimed m claim 19, wherein said address decision 

the corrected read-out data. 40 raeans comprises said means for comparing the second 

10. A semiconductor integrated circuit device ac- **6t<xs with the defective addresses of said defective 
cording to claim 9, further comprising a CPU and an address programing means. 

output circuit for receiving the error decision signal 21. A semiconductor mtegrated circuit device as 

from the error decision means and for feeding the CPU claimed in claim 1, wherein said address decision means 

with said second address when the output circuit has 45 compares the first address with all addresses stored in 

received the decision result signal rom said error deci- said address storage means. 

sion means. 22. A semiconductor integrated circuit device as 

11. A semiconductor integrated circuit device as claimed in claim 1, wherein, when the second selection 
claimed in claim 9, further comprising full status detect- means selects a word line from the second plurality of 
ing circuit means for determining whether one of said 50 word lines, said error decision means reads out data 
second plurality of memory cells is available for substi- stored in one of said second plurality of memory cells 
tution, and for providing a control signal to activate corresponding to the selected word line, compares the 
said error check and correcting circuit only when none data read out from said one of said second plurality of 
of said second plurality of memory cells is available for memory cells with predetermined data, and delivers a 
substitution. 55 signal of a result of the comparison as an indicator of 

12. A semiconductor integrated circuit device as whether said one of said second plurality of memory 
claimed in claim 1, wherein said first plurality of mem- cells is defective. 

ory cells and said second plurality of memory cells are 23. A semiconductor integrated circuit device as 

static memory cells. claimed in claim 1, wherein said semiconductor inte- 

13. A semiconductor integrated circuit device as 60 grated circuit device is a MOS circuit 

claimed in claim 1, wherein said first plurality of mem- 24. A semiconductor integrated circuit device as 

ory cells are dynamic memory cells. claimed in claim 1, wherein said semiconductor inte- 

14. A semiconductor integrated circuit device as grated circuit device is a bi-CMOS circuit, 
claimed in claim 1, wherein said address storage means 

65 
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